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(57) ABSTRACT

A thin film transistor (TFT) including a gate, a gate insulator,
an oxide semiconductor channel layer, a source, and a drain 1s
provided. The gate isulator covers the gate, while the oxide
semiconductor channel layer 1s configured on the gate insu-
lator and located above the gate. The oxide semiconductor
channel layer includes a first sub-layer and a second sub-layer
located on the first sub-layer. An oxygen content of the first
sub-layer 1s lower than an oxygen content of the second
sub-layer. The source and the drain are configured on a por-
tion of the second sub-layer. In addition, a fabricating method
of the above-mentioned TFT 1s also provided.

15 Claims, 3 Drawing Sheets
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THIN FILM TRANSISTOR AND
FABRICATING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 99146936, filed on Dec. 30, 2010. The
entirety of the above-mentioned patent application 1s hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The mvention relates to a thin {ilm transistor (1FT) and a
tabricating method thereof. More particularly, the invention

relates to a TFT having an oxide semiconductor channel layer
and a fabricating method of the TFT.

2. Description of Related Art

With the rising awareness of environmental protection, flat
display panels featuring low power consumption, optimal
space utilization, and high definition have gradually become
the mainstream products in the market of the displays. Com-
mon flat display panels include liquid crystal displays, plasma
displays, organic light emitting diode displays, and so forth.
The most popular liquid crystal display exemplified herein 1s
mainly comprised of a TFT array substrate, a color filter
substrate, and a liquid crystal layer sandwiched between the
two substrates. In the conventional TF'T array substrate, an
amorphous silicon (a-S1) TEF'T or a low-temperature polysili-
con (LTPS) TFT often serves as a switch element of each
sub-pixel. According to recent researches, the oxide semicon-
ductor TFT has greater mobility than the a-S1 TFT. The oxide
semiconductor TFT has a more stable threshold voltage Vth
than the LTPS TFT. Hence, the oxide semiconductor TFT has
great potential for becoming the key element of the next-
generation flat display panel.

In the conventional oxide semiconductor TFT, the thresh-
old voltage Vth of the oxide semiconductor channel layer 1s
shifted after the oxide semiconductor channel layer 1s irradi-
ated by ultraviolet (UV) light or operated under negative bias
stress, and thereby electric properties and reliability of the
oxide semiconductor TFT are affected. As a result, how to
resolve the 1ssue of threshold voltage shifts in the oxide
semiconductor TFT demands immediate attention of manu-
facturers.

SUMMARY OF THE INVENTION

The mvention 1s directed to a TFT and a fabricating method
thereof.

In an embodiment of the invention, a TFT that includes a
gate, a gate insulator, an oxide semiconductor channel layer,
a source, and a drain 1s provided. The gate insulator covers the
gate, while the oxide semiconductor channel layer 1s config-
ured on the gate insulator and located above the gate. The
oxide semiconductor channel layer includes a first sub-layer
and a second sub-layer located on the first sub-layer. An
oxygen content of the first sub-layer 1s lower than an oxygen
content of the second sub-layer. The source and the drain are
configured on a portion of the second sub-layer.

In an embodiment of the invention, a TFT that includes a
gate, a gate insulator, an oxide semiconductor channel layer,
a source, and a drain 1s provided. The gate mnsulator covers the
gate. The oxide semiconductor channel layer 1s configured on
the gate insulator and located above the gate. Here, the oxide
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semiconductor channel layer 1s a single film layer and has a
first portion and a second portion. The second portion 1is
located on the first portion. In other words, the first portion 1s
located between the second portion and the gate insulator. A
crystallite size of the first portion 1s greater than a crystallite
s1ize ol the second portion. The source and the drain are
coniigured on the oxide semiconductor channel layer.

According to an embodiment of the invention, the oxide
semiconductor channel layer includes an a-S1 oxide semicon-
ductor channel layer. For instance, a material of the oxide
semiconductor channel layer includes indium gallium zinc
oxide (IGZ0), mdium zinc oxide (IZ0), indium gallium
oxide (IGO), zinc oxide (Zn0O), 2Cd0O.GeO,, or N1Co,0O,,.

According to an embodiment of the invention, the second
sub-layer 1s an UV shielding layer.

According to an embodiment of the invention, the TFT
turther includes a third sub-layer configured between the first
sub-layer and the second sub-layer. An oxygen content of the
third sub-layer ranges from the oxygen content of the first
sub-layer and the oxygen content of the second sub-layer.

According to an embodiment of the invention, the TFT
further includes a plurality of third sub-layers configured
between the first sub-layer and the second sub-layer. The
closer the third sub-layers to the first sub-layer, the lower the
oxygen contents of the third sub-layers; the closer the third
sub-layers to the second sub-layer, the higher the oxygen
contents of the third sub-layers.

According to an embodiment of the invention, a reactive
oxygen/argon flow ratio of a sputtering process of the first
sub-layer ranges from about O to about 10, and a reactive
oxygen/argon flow ratio of a sputtering process of the second
sub-layer ranges from about 5 to about 80.

According to an embodiment of the invention, the first
sub-layer has a first tapered sidewall, the second sub-layer has
a second tapered sidewall, and the second tapered sidewall 1s
steeper than the first tapered sidewall.

In an embodiment of the mnvention, a fabricating method of
a TF'T 1s provided. In the fabricating method, a gate 1s formed
on a substrate, and a gate isulator 1s formed on the substrate
to cover the gate. A first sub-layer and a second sub-layer are
sequentially formed on the gate insulator that 1s located above
the gate. An oxygen content of the first sub-layer 1s lower than
an oxygen content of the second sub-layer. A source and a
drain are formed on a portion of the second sub-layer.

According to an embodiment of the invention, the step of
forming the first sub-layer and the second sub-layer includes:
forming a first material layer on the gate insulator when a
reactive oxygen/argon flow ratio of a sputtering process of the
first material layer 1s given; forming a second matenal layer
on the first maternal layer when a reactive oxygen/argon flow
ratio of a sputtering process of the second material layer 1s
given; patterning the first material layer and the second mate-
rial layer to form the first sub-layer and the second sub-layer.

According to an embodiment of the invention, the step of
forming the first material layer and the second material layer
includes forming a patterned photoresist layer on the second
matenal layer and removing a portion of the first material
layer and a portion of the second material layer with use of the
patterned photoresist layer as a mask. Here, the portion of the
first maternal layer and the portion of the second material layer
are not covered by the patterned photoresist layer.

According to an embodiment of the invention, the first
material layer and the second matenal layer are patterned by
performing an etch process with an etchant.

According to an embodiment of the invention, the etchant
1s oxalic acid, for instance.
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According to an embodiment of the invention, the reactive
oxygen/argon flow ratio of the sputtering process of the first
material layer ranges from about O to about 10, for instance,
and the reactive oxygen/argon flow ratio of the sputtering
process of the second material layer ranges from about 5 to
about 80, for instance.

In an embodiment of the invention, a TFT that includes a
gate, a gate insulator, an oxide semiconductor channel layer,
a source, and a drain 1s further provided. The gate insulator
covers the gate. The oxide semiconductor channel layer 1s
configured on the gate msulator and located above the gate.
Here, the oxide semiconductor channel layer includes a first
portion and a second portion, and the second portion 1s
located on the first portion. An oxygen content of the first
portion 1s lower than an oxygen content of the second portion.
The source and the drain are configured on the oxide semi-
conductor channel layer.

The oxide semiconductor described 1n the embodiments of
the mvention includes multiple sub-layers with different oxy-
gen contents. Through the sub-layers having high oxygen
contents, the threshold voltage shift can be prevented, and UV
can be shielded. Consequently, the TF'T of this invention can
have favorable electric properties and reliability.

To make the above and other features and advantages of the
invention more comprehensible, several embodiments
accompanied with figures are detailed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide fur-
ther understanding, and are incorporated 1n and constitute a
part of this specification. The drawings illustrate exemplary
embodiments and, together with the description, serve to
explain the principles of the mvention.

FIG. 1A to FIG. 1E are schematic views illustrating a
process of fabricating a TFT according to an embodiment of
the 1nvention.

FIG. 2 1s a schematic cross-sectional view illustrating a
TFT according to another embodiment of the invention.

FIG. 3 1s a schematic cross-sectional view illustrating an
oxide semiconductor channel layer according to another
embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1A to FIG. 1E are schematic views 1llustrating a
process of fabricating a TFT according to an embodiment of
the invention. With reference to FIG. 1A, a gate GG 1s formed
on a substrate 100. In this embodiment, the gate GG 1s formed
by depositing a conductive thin film and performing a photo-
lithography and etch process, for instance. The gate G 1s made
of aluminum, copper, molybdenum, an alloy thereot, a layer
in which at least two of the aforesaid metal materials are
stacked, or any other conductive material, for instance. After
the gate G 1s formed, a gate insulator 110 1s formed on the
substrate 100 to cover the gate G. Here, the gate insulator 110
completely covers the substrate 100 and the gate G, for
instance. In this embodiment, the gate insulator 110 1s made
of silicon oxide, silicon nitride, silicon oxymtride, or any
other dielectric material, for instance.

With reference to FIG. 1B and FIG. 1C, after the gate
imsulator 110 1s formed, an oxide semiconductor channel
layer 120 (shown 1n FIG. 1C) 1s formed on the gate insulator
110 located above the gate G. In this embodiment, the oxide
semiconductor channel layer 120 1s made of 1GZ0, 170,
1GO, Zn0O, 2Cd0O.GeO,, or N1Co,0O 4, for instance. A method

of forming the oxide semiconductor channel layer 120 is
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described below. A first material layer 120a and a second
material layer 1205 are sequentially formed on the gate 1nsu-
lator 110. An oxygen content of the first material layer 120q
1s lower than that of the second material layer 12054. In this
embodiment, the first material layer 120a and the second
material layer 1205 are, for instance, continuously deposited
on the surface of the gate insulator 110 by sputtering, for
instance. For example, the first material layer 120qa 1s formed
when the reactive gas applied 1n the sputtering process 1s a
mixture ol oxygen and argon. During the sputtering process
of the first material layer 120q, the reactive oxygen/argon
flow ratio of the sputtering process ranges from about O to
about 10, for imstance. By contrast, during the sputtering
process of the second material layer 1205, the reactive oxy-
gen/argon tlow ratio of the sputtering process ranges from

about 5 to about 80, for instance.

Specifically, the first material layer 120a can be formed on
the gate insulator 110 when a reactive oxygen/argon flow
ratio of the sputtering process of the first material layer 120a
1s given, and the second material layer 1205 can be formed on
the first material layer 120a when a reactive oxygen/argon
flow ratio of the sputtering process of the second material
layer 12056 1s given. Note that the reactive oxygen/argon tlow
ratio of the sputtering process of the first material layer 120a
1s lower than the reactive oxygen/argon flow ratio of the
sputtering process of the second material layer 12056. For
instance, the reactive oxygen/argon tlow ratio of the sputter-
ing process of the first material layer 120a ranges from about
0 to about 10, and the reactive oxygen/argon flow ratio of the
sputtering process of the second material layer 1205 ranges
from about 5 to about 80. The first material layer 1204 and the
second material layer 1205 are made of similar materials,
while the difference between the first and second material
layers 120a and 12056 lies 1n the oxygen content. Hence, the
process of fabricating the first and second material layers
120a and 1205 1s compatible with the current fabricating
process and thus does not lead to the significant increase in the
manufacturing costs.

After the first and second material layers 120a and 1205 are
formed, a patterned photoresist layer PR 1s formed on the
second material layer 1205. A portion of the first material
layer 120a and a portion of the second material layer 1205
that are not covered by the patterned photoresist layer PR are
removed with use of the patterned photoresist layer PR as a
mask, so as to form a first sub-layer 1204' and a second
sub-layer 1206'. For instance, the first material layer 120a and
the second material layer 1205 are suitable for being etched
by an etchant (e.g., oxalic acid) to form the first and second
sub-layers 120a' and 1205'. After the first and second material
layers 120a and 1205 are etched by oxalic acid or any other
similar etchant to form the first and second sub-layers 1204’
and 1205', the first sub-layer 120a' has a first tapered sidewall
S1, and the second sub-layer 1205' has a second tapered
sidewall S2. Since the oxygen content of the first material
layer 120a 1s lower than that of the second material layer
1205, the second tapered sidewall S2 1s steeper than the first
tapered sidewall S1. In this embodiment, the inclined angle of
the first tapered sidewall S1 ranges from about 10° to about
40°, for instance, and the inclined angle of the second tapered
sidewall S2 ranges from about 30° to about 90°, for instance.
The lateral etching phenomenon 1s not apt to occur 1n the film
layer having a relatively high oxygen content during the etch
process, and therefore the tapered sidewall of the film layer
having the relatively high oxygen content 1s steep. The dii-
terence between the oxygen contents of the first and second
material layers 120aq and 12056 results in the difference
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between the inclined angle of the first tapered sidewall S1 and
the inclined angle of the second tapered sidewall S2.

As indicated 1n FIG. 1C, the oxide semiconductor channel
layer 120 1s formed by the first and second sub-layers 1204
and 1205', and the oxygen content of the first sub-layer 1204
1s lower than that of the second sub-layer 1205'. In this
embodiment, the partial pressure ratio of reactive oxygen/
argon of sputtering process of the first sub-layer 1204' ranges
from about 5 to about 10, for instance, and the partial pressure
ratio of reactive oxygen/argon of sputtering process of the
second sub-layer 1205' 1s about 10 or more, for instance.

With retference to FIG. 1D, after the oxide semiconductor
channel layer 120 1s formed, the source S and the drain D are
formed on a portion of the second sub-layer 1205'. The source
S and the drain D are electrically insulated from each other
and respectively cover a portion of the oxide semiconductor
channel layer 120. Besides, the source S and the drain D
extend from the top of the oxide semiconductor channel layer
120 to the two opposite sides of the gate G. In this embodi-
ment, the source S and the drain D are formed by depositing
a conductive thin film and performing a photolithography and
etch process, for instance. Besides, the source S and the drain
D are made of aluminum, copper, molybdenum, an alloy
thereot, a layer in which at least two of the atoresaid metallic
materials are stacked, or any other conductive matenal, for
instance.

The TFT of this embodiment 1s basically formed after the
source S and the drain D are completely fabricated.

As 1ndicated in FIG. 1D, the TFT of this embodiment
includes a gate G, a gate isulator 110, an oxide semiconduc-
tor channel layer 120, a source S, and a drain D. The gate
insulator 110 covers the gate G, while the oxide semiconduc-
tor channel layer 120 1s configured on the gate msulator 110
and located above the gate G. The oxide semiconductor chan-
nel layer 120 includes a first sub-layer 120q' and a second
sub-layer 1205' located on the first sub-layer 1204'. An oxy-
gen content of the first sub-layer 1204’ 1s lower than that of the
second sub-layer 1205'. The source S and the drain D are
configured on a portion of the second sub-layer 1205'. In this
embodiment, the oxide semiconductor channel layer 120 1s
made of 1GZ0, 170, 1GO, ZnO, 2Cd0.GeO,, or N1Co,0,,
for instance.

The oxygen content of the second sub-layer 1205 1s rela-
tively high, and thus the second sub-layer 1205' can act as an
UV shielding layer. ITO or 1Z0 with the high oxygen content
can block the UV, and thus the second sub-layer 1205' made
of indium tin zinc oxide (ITZ0) having the high oxygen
content can eflectively prevent the UV from damaging the
first sub-layer 1204' and affecting the oxide semiconductor
channel layer 120, e.g., precluding the threshold voltage shaft.
In addition, the second tapered sidewall S2 of the second
sub-layer 1205' 1s steeper than the first tapered sidewall S1 of
the first sub-layer 120a' However, the inclined angles of the
first and second tapered sidewalls S1 and S2 may be changed
when different etchants are applied.

Certainly, in the oxide semiconductor channel layer 120
depicted i FIG. 1D, the mterface between the first and sec-
ond sub-layers 120q' and 1205' can be recognized by a scan-
ning electron microscope (SEM). By properly modifying the
manufacturing parameters, as indicated 1in FIG. 2, the oxide
semiconductor channel layer 120' which 1s a single film layer
and has a first portion 120¢ and a second portion 1204 can be
tformed. The second portion 1204 1s located on the first por-
tion 120c¢, and the oxygen content of the first portion 120c¢ 1s
lower than that of the second portion 120d. In other words, the
first portion 120c¢ 1s located between the second portion 1204
and the gate insulator 110. The interface between the first and
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second portions 120¢ and 1204 can be identified through
analyzing different oxygen content spectra by applying X-ray
diffraction (XRD) spectra techniques, for instance. The oxy-
gen content of the oxide semiconductor layer 120" from bot-
tom to top has a gradational arrangement, 1.e., the oxygen
content of the first portion 120c underlying the second portion
1204 1s lower than the oxygen content of the second portion
1204. In the oxide semiconductor layer 120", the oxygen
content from the bottom surface of the first portion 120c¢ to the
upper surface of the second portion 1204 increases gradually
and continuously, for example. In the oxide semiconductor
channel layer 120, note that the average crystallite size of the
first portion 120¢ having a relatively low amount of oxygen
flow or a relatively low oxygen content 1s greater than the
average crystallite size of the second portion 1204 having a
relatively high amount of oxygen flow or a relatively high
oxygen content.

With reference to FIG. 1E, to further improve the reliability
of the TFT, a passivation layer 130 can be selectively formed
on the TF'T. When the aforesaid TFT 1s applied to each pixel
in a display, a contact via 130q can be formed 1n the passiva-
tion layer 130 1n this embodiment, and a pixel electrode 140
can be formed on the passivation layer 130, such that the pixel
clectrode 140 can be electrically connected to the drain D of
the TFT through the contact via 130a.

FIG. 3 1s a schematic cross-sectional view 1illustrating an
oxide semiconductor channel layer according to another
embodiment of the invention. With reference to FIG. 3, the
oxide semiconductor channel layer 120" of this embodiment
includes a first sub-layer 120', a second sub-layer 1205', and
at least one third sub-layer 120¢'. The third sub-layer 120¢' 1s
configured between the first and second sub-layers 120a' and
1205'. The oxygen content of the third sub-layer 120¢' ranges
from the oxygen content of the first sub-layer 120a' and the
oxygen content of the second sub-layer 1205'. When the
number of the third sub-layers 120¢' 1s equal to or greater than
2, the third sub-layers 120¢' are configured between the first
and second sub-layers 120a' and 1205' as well. The closer the
third sub-layers 120¢' to the first sub-layer 1204', the lower
the oxygen contents of the third sub-layers 120¢'. T e closer
the third sub-layers 120¢' to the second sub-layer 1205, the
higher the oxygen contents of the third sub-layers 120c'.
Namely, 1n the oxide semiconductor channel layer 120", the
oxygen contents of the sub-layers increase from bottom to
top.

The first, second, and third sub-layers 1204', 1205', and
120¢' can be continuously deposited on the surface of the gate
insulator 110 by performing a sputtering process, for
instance. During the sputtering process, multiple material
layers can be sequentially formed on the gate msulator 110
when different reactive oxygen/argon tlow ratios of the sput-
tering process are given, and the material layers are patterned
by performing a photolithography and etch process, so as to
form the first, second, and third sub-layers 1204', 1205' and
120’

The oxade semiconductor described 1n the embodiments of
the imnvention includes multiple sub-layers (two or more) with
different oxygen contents. Through the sub-layers having
high oxygen contents, the threshold voltage shift can be pre-
vented, and UV can be shielded. Consequently, the TFT of
this invention can have favorable electric properties and reli-
ability.

Although the invention has been disclosed by the above
embodiments, they are not intended to limit the ivention.
Those skilled 1n the art may make some modifications and




US 8,647,934 B2

7

alterations without departing from the spirit and scope of the
invention. Therefore, the protection range of the invention
falls 1n the appended claims.

What 1s claimed 1s:
1. A thin film transistor comprising:;
a gate;
a gate insulator covering the gate;
an oxide semiconductor channel layer configured on the
gate msulator and located above the gate, the oxide
semiconductor channel layer comprising a first sub-
layer and a second sub-layer located on the first sub-
layer, an oxygen content of the first sub-layer being
lower than an oxygen content of the second sub-layer,
wherein the first sub-layer has a first tapered sidewall,
the second sub-layer has a second tapered sidewall, and
the second tapered sidewall 1s steeper than the first
tapered sidewall; and

a source and a drain configured on a portion of the second

sub-layer.

2. The thin film transistor as claimed in claim 1, wherein
the oxide semiconductor channel layer comprises an amor-
phous oxide semiconductor channel layer.

3. The thin film transistor as claimed 1n claim 1, wherein a
material of the oxide semiconductor channel layer comprises
indium gallium zinc oxide, indium zinc oxide, indium gal-
lium oxide, zinc oxide, 2Cd0O*GeO,, or N1Co,0,,.

4. The thin film transistor as claimed in claim 1, wherein
the second sub-layer 1s an ultraviolet shielding layer.

5. The thin film transistor as claimed 1n claim 1, further
comprising a third sub-layer configured between the first
sub-layer and the second sub-layer, an oxygen content of the
third sub-layer ranging from the oxygen content of the first
sub-layer and the oxygen content of the second sub-layer.

6. The thin film transistor as claimed 1n claim 1, further
comprising a plurality of third sub-layers configured between
the first sub-layer and the second sub-layer, an oxygen con-
tent of each of the third sub-layers ranging from the oxygen
content of the first sub-layer and the oxygen content of the
second sub-layer, the oxygen contents of the third sub-layers
close to the first sub-layer being lower than the oxygen con-
tents of the third sub-layers close to the second sub-layer.

7. The thin film transistor as claimed in claim 1, wherein a
reactive oxygen/argon flow ratio of a sputtering process of the
first sub-layer ranges from about 0 to about 10, and a reactive
oxygen/argon flow ratio of a sputtering process of the second
sub-layer ranges from about 5 to about 80.

8. A thin film transistor comprising:

a gate;

a gate msulator covering the gate;

an oxide semiconductor channel layer configured on the

gate isulator and located above the gate, the oxide
semiconductor channel layer being a single film layer
and having a {irst portion and a second portion, the first
portion being located between the second portion and
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the gate insulator, a crystallite size of the first portion
being greater than a crystallite size of the second por-
tion; and

a source and a drain configured on the oxide semiconductor

channel layer.
9. A fabricating method of a thin film transistor, compris-
ng:
forming a gate on a substrate;
forming a gate insulator on the substrate to cover the gate;
sequentially forming a first sub-layer and a second sub-
layer on the gate insulator located above the gate,
wherein an oxygen content of the first sub-layer 1s lower
than that of the second sub-layer, wherein the first sub-
layer has a first tapered sidewall, the second sub-layer
has a second tapered sidewall, and the second tapered
stidewall 1s steeper than the first tapered sidewall; and

forming a source and a drain on a portion of the second
sub-layer.

10. The fabricating method of the thin film transistor as
claimed in claim 9, wherein the step of forming the first
sub-layer and the second sub-layer comprises:

forming a first material layer on the gate isulator when a

reactive oxygen/argon flow ratio of a sputtering process
of the first matenal layer 1s given;

forming a second matenal layer on the first material layer

when a reactive oxygen/argon flow ratio of a sputtering

process of the second matenal layer 1s given; and
patterning the first material layer and the second material

layer to form the first sub-layer and the second sub-layer.

11. The fabricating method of the thin film transistor as
claimed in claim 10, wherein the step of forming the first
material layer and the second material layer comprises:

forming a patterned photoresist layer on the second mate-

rial layer; and

removing a portion of the first material layer and a portion

of the second matenial layer with use of the patterned
photoresist layer as a mask, the portion of the first mate-
rial layer and the portion of the second material layer
being not covered by the patterned photoresist layer.

12. The fabricating method of the thin film transistor as
claimed 1n claim 11, wherein the first maternial layer and the
second material layer are patterned by performing an etch
process with an etchant.

13. The fabricating method of the thin film transistor as
claimed 1n claim 12, wherein the etchant comprises oxalic
acid.

14. The thin film transistor as claimed in claim 10, wherein
the reactive oxygen/argon tlow ratio of the sputtering process
of the first material layer ranges from about O to about 10, and
the reactive oxygen/argon tlow ratio of the sputtering process
ol the second material layer ranges from about 5 to about 80.

15. The thin film transistor as claimed 1n claim 1, wherein
an inclined angle of the first tapered sidewall ranges from 10°
to 40°, and an inclined angle of the second tapered sidewall

ranges from 30° to 90°.
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